: Drought stress effects on the grain yield among different barley cultivars. -Genetika, Vol 48, No.3, 1087 -1100. We examined commercial barley cultivars in two sequential growing season by including irrigation and rainfed conditions under a randomized complete block experimental design. There were positive and significant correlations between the yeild and either of the indices including Mean productivity (MP), Stress Tolerance Index (STI), Geometric Mean Productivity (GMP), Harmonic Mean Productivity (HMP), and Mean Relative Performance (MRP) in both irrigated and drought conditions. The PC1 and PC2 justified 94.86 and 94.44% of total variation in the first year and second year, respectively. According to 3-dimensional diagram and based on STI, genotypes 2, 3, and 8 in the first year and gentypes 4, 3, 8, and 2 in the second year were clustered together in group A, and therefore, called the most tolerant cultivars to drought stress.
INTRODUCTION
Barley (Hordeum vulgare L.) is a model plant used for physiological and genetic studies and is highly compatible to different conditions (DIAB et al, 2004) . After wheat, corn, and rice, barley is the fourth most important grain in the world (AKAR et al, 2004) . Due to high ecological compatibility, direct and indirect use by human and livestock as well as its use in malting and fermentation industries, barley is of great importance (HAYES, 1992) . It is also relatively tolerant to drought (OZTARK et al, 2002) . Water shortage and drought stress are considered as the most principal environmental factors, reducing the productivity of crops in many arid and semi arid areas, which are intensively influenced by climate changes (WASSMANN et al., 2009 ). This problem is more noticable when we consider this fact that more than one forth of the earth land areas are arid and semi arid areas (KOMEILI et al., 2008) . Iran is located on the world's dry belt and its rainfall's share varies year to year; therfore, crops' yields are subject to fluctuations in succesive years (MOLLASADEGHI et al., 2011) . High and sustainable yield production in dry environment requires cultivars that are tolerant to drought. Tolerance to drough is a complex trait which involves complicated interactions through metabolic ways related to stress tolerance genes. For this reason, identifying the cultivars that are tolerant to drought using a standard evaluation method seems difficult (HAO et al., 2011) . In other words, coming up with high yield cultivars under known environment has become a formidable challenge for plant breeding researchers (RICHARDS et al., 2002) . In the absence of full information about genetic mechanism of drought tolerance, to determine the tolerance level to drought stress of a genotype, instead of its direct selection, grain yield under the drought stress condition could be used, which is more accurate in comparison to other methods (FARSHADFAR & SUTKA, 2002) . In processes of breeding for tolerance to drought stress, due to lack of rapid screening methods with high repeatability, high number of genotypes could not be evaluated (RAMIREZ-VALLEJO & KELLY, 1998) . The drought tolerant crops should be survive facing drought stress and also produced high grain yield in such conditions (FLEURY et al. 2010) . It seems that examining the relative yield of genotypes under irrigation and drought stress is the first stage in identifying genotypes tolerant to drought stress (MOHAMMADI et al., 2010) . Thus, drought tolerance indices, which are based on cultivars yield reduction in drought stress condition, compared to normal condition, are used to screen cultivars tolerant to drought. AHMADIZADEH et al. (2001) reported that Mean productivity (MP), Stress Tolerance Index (STI), Geometric Mean Productivity (GMP) and Harmonic Mean Productivity (HMP) are appropriate indices to be used to select Durum wheat genotypes in drought stress condition. ABDI et al. (2012) also suggested that MP, GMP, and STI are peoper tolerant indices used to determine tolerant genotypes of wheat under drought stress. Finally, ABIRI et al. (2012) introduced the indices of mean productivity (MP), Geometric Mean Productivity (GMP), Harmonic Mean (HM), Stress Tolerance Indices (STI), and Yield Index (YI) to examine barley cultivars under droght stress and non-stress conditions due to the positive correlations of these indices with yields under stress (Ys) and normal (Yp) conditions. The current study aims to evaluate barley genotypes with large scale cultivation in Iran, under irrigation and rainfed conditions in order to identify cultivars with high tolerance to drought stress and favorable grain yield.
MATERIALS AND METHODS

Geographical features of the experiment place
This experiment was conducted in cropping years 2013-2014 in Sanandaj agriculture research station (1380 m above sea level; 35° and 16' N; 47° and 1' E) and 2014-2015 Ghamloo agriculture research station (1850 m above sea level; 35° and 23' N; 46° and 41' E), both located in north west of Iran. The average temperature and the amounts of precipitation over the study period are presented in Figure 1 . In order to test the soil, the samples were collected from the depth of 0-30 cm and different parts of the land. After being dried and seived with a 2mm seive, the samples were analyzed (Table 1) . The Experimental Design This study was conducted in two separate years in the form of RCBD with a three replication and in irrigation and rainfed conditions. Each experimental unit included 6 lines, the length of each line 2 m with 25 cm of distance between lines and the density of 200 grains in each square meter. Plots distances within block and the distance of blocks was half (0.5) and 3 m, respectivly. The distance of irrigation and rainfed conditions was 50 m.
Plant Materials
In the current experiment, 10 commercial barley cultivar were evaluated, which had been released over the years . The cultivars are diverse in terms of yield grain, spike type, cultivation climate, and drough stress tolerance rate. They are intensively cultivated in Iran (Table 1) . Used cultivar seeds were provided from Karaj seed and plant research center, Karaj, Iran. Before seed cultivations and to deal with smut, they were disinfected with fungicide at a rate of 2 per thousand.
Agriculture operations
Planting was done manually and in early November. Also, during the agricultural season, weeding operations was done manually. In rainfed (stress) condition, no irrigation was done during growth season. Under irrigation (normal) condition, the amount of irrigation to each plot was 500 ml in each period and this rate was stable in both locations. In both cropping years, no fertilizer treatment was applied. Grain yield measurement was made by excluding the effect of the margin at the level of one square meter in grams.
Drought Tolerance Indices Calculation
Drought resistance indices were calculated using the following relationships: Drought resistance Index: DI=Ys×(Ys/Yp)/ [Lan, 1998 ], Drought Susceptibility Index: DSI= (1-Ys/Yp)/(1-/ ) [Fischer and Maurer, 1978] , Coefficient of Drought resistance: CD=Ys/Yp [Blum, 2011] [Lin et al, 1986 ], Yield Stability Index: YSI = [Bouslama and Schapaugh, 1984] , Stress Tolerance Index: STI = [Fernandez, 1992] , Geometric Mean Productivity: GMP = [Fernandez, 1992] , Harmonic Mean Productivity: HMP = [Fernandez, 1992] , Press Evaluation: PEV=1-Ys/Yp [Bouslama and Schapaugh, 1984] . In the above formulas, YS, YP, and s represent grain yield under stress, grain yield under non-stress for each genotype, grain yield means in stress and non-stress conditions for all genotypes, respectively.
Statistical Analysis
Based on the rank correlation matrix and bi-plot analysis, correlation analysis and principal component analysis (PCA) were performed by SPSS ver. 21 and STATISTICA ver. 10.
RESULTS
The results of combined variance analysis for the two years are seperately presented in Table 2 . In both years, the environment has significantly affected on grain yield. Also, a significant difference was observed among genotypes in terms of grain yield as well as the interaction between genotype and the environment. In the fisrt year and under the irrigation condition, grain yield was between 461.68 and 1487.58 (g/m 2 ), in which the highest yield were related to genotypes Kavir and Valfajr. Under rainfed condition, grain yield was between 392.39 and 723.82 (g/m 2 ), in which the highest yield were related to genotypes Kavir and Zarjo (Table  3 ). In the second year and under irrigation condition, grain yield was between 314.42 and 1057.16 (g/m 2 ), in which the highest yield were related to genotypes Kavir and Zarjo. Under rainfed condition, grain yield was between 192.38 and 577.40 (g/m 2 ), in which the highest yield were related to genotypes Gorgan4 and Rihan (Table 4 ). In the first year, grain yield average under rainfed condition was 46% less than of irrigation condition (SI=0.42) and this rate for the second year was 50% (SI=0.50). To evaluate the genotypes response to drought stress, grain yield was used under irrigation condition (normal) and rainfed condition (stress) and then stress tolerance and susceptibility indices were calculated accordingly (Tables 3&4). In general, in the 1 st year, the average of genotypes yield under normal conditions was 990.88 g/m 2 (Table 3) . Also, 5 genotypes which had higher yield than average rate under normal conditions were classified as those with high-yield potential, and the other 5 genotypes were classified as low-yield potential. In the high-yield potential group, genotypes 2, 3, and 8 had higher yield than average rate under drought stress condition (Table 3) . They were considered as genotypes with high-yield potential and tolerant to drought stress. Genotypes 4 and 6 were regarded as genotypes with high-yield potential and susceptible to drought stress. Among genotypes with low-yield potentials, however, genotype 1 had higher yield than average rate under stress and considered as genotype with low-yield potential and tolerant to drought stress. The remaining 4 genotypes were classified as genotypes with low-yield potential and susceptible to drought stress. In the 2 nd year, grain yield average rate under normal conditions was 682.87 g/m 2 and the 6 genotypes that had higher yield than average under normal conditions were the genotypes as high-yield potential and the other 4 genotypes were the low-yield potential ones. In the group of genotypes with high-yield potentials, genotypes 2, 3, 4, and 8 had higher yield than average rate under stress drought conditions (Table 4) and were regarded as genotypes with high-yield and tolerant to drought stress. Genotypes 6 and 7, however, were genotypes with high-yield and susceptible to drought stress. On the other hand, the 4 remaining genotypes, under irrigation conditions, had lower yield than average and were considered as genotypes with low-yield potential. Genotype 9, under rainfed condition (stress), had higher yield than average and was considered as genotype with low-yield, but tolerant to drought stress. The other three genotypes were low-yield potential and susceptible to drought stress. Such genotype classification which done based on grain yield under normal and driught stress conditions as well as all tolerance and susceptibility indices. Three dimensional scatter plots aslo proved this classification, which will be explained later. Taking STI, GMP, MP, MRP, and HMP into consideration, in the 1 st year, genotypes Kavir and Zarjo were most tolerant to drought stress and genotypes Strin and Gorgan were the most susceptible ones. Also, based on the other indices, Kavir and Zarjo were of the best drought tolerant genotypes in both years (Table 3) .
Correlation analysis
To determine the best index, the correltions between grain yield average in rainfed (Ys) and irrigation (Yp) conditions and indices based on grain yield in both years were seperately calculated (Table 4) . In both years, there was a significant correlation between MP, STI, GMP, HMP, MRP and grain yield in both drought stress and normal conditions. As there was a significant correlation between STI and grain yield in both years and both conditions, this index (STI) is expected to differentiate group A genotypes from other genotypes. As observed from Table 3 , genotypes with high-yield potential and tolerant to drought stress have the highest amount of STI (Kavir and Zarjo in both years). Those genotypes that had lower rates in terms of TOL and SSI indices (Table 3) were introduced as drought tolerant genotypes. Table 3 shows that GMP followed the same trend as SSI and has the ability to distinguish genotypes group A. As a result in a crop like barley and under the climate and environmental conditions such as the current experiment, the STI and GMP indices are highly capable for distinguishing favorable genotypes in both stress and normal conditions. In the first year, there was a significant correlation between SSI, TOL, DSI and grain yield in non-stress; there was a significant and negative correlation between RDY, CD, YSI in non-stress conditions, while in the second year, only TOL had a significant correlation with grain yield under non-stress condition. There was a significant correlation between TOL, SSI and grain yield (at probability level of 1%). 
Three-dimensional graph
According to Figures 2 and 3 and based on STI, in the 1 st year, Kavir, Zarjo and Raihan genotypes were placed in group A. In the 2 nd year, Kavir, Zarjo, Raihan, and Nosrat were placed in group A. The genotypes in this group have high yield in both stress and non-stress conditions. Through a three-dimensional graph, only the relationships between three variables could be studied. For more than 3 variables, a bi-plot display which is the result of a mutivariate display could be useful. The relationships among different indices in one graph and in the form of PC1 and PC2 are presented (Figures 4&5) . Principal components analysis for drought stress indices showed that in the first year the first and second components justified the greatest variance Based on what was said and investigating the bi-plot ( Figure 4&5 ), due to exposure to superior indices (MP, GMP, STI, HARM, and MRP), Kavir, Zarjo, and Raihan were recognized to be appropriate genotypes for both conditions in both years. Most of these genotypes in both conditions, compared to other genotypes, had the highest yield.
DISCUSSION
Based on STI, MP, GMP, HAR, and MRP indices, the Kavir and Zarjo genotypes were identified as the most tolerant to drougth stress cultivars for both successive years. These cultivars had the lowest rate of stress suscepible indices. Under irrigation and rainfed conditions, these cultivars had the highest amount of grain yield. Kavir got the first place in the first year in both conditions. In the second year, it got the second place in irrigation condition and the third place in rainfed condition. This indicates the high efficiency of this cultivar for grain yield and its stability under different cultivation conditions, which is of great importnace from plant breeding point of view. The STI index can be used to identify genotypes with high yield potential under stress and non-stress conditions (FERNANDEZ, 1992) . Selection based on MP index leads to genotypes with high yield, but with low tolerance to stress (ROSOIELLE & HAMBLIN, 1981) . Lower rates, in this index, indicates more susceptibility of genotypes to stress conditions. HOLUS (2001) reported that selection based on MP index lead to increase the grain yield in both stress and non-stress conditions. Compared to MP, GMP is more capable for genotypes differentiation. Genotypes with less SSI indicate small changes in grain yield under stress conditions, compared to non-stress conditions and are more stable. Therfore, selection based on SSI brings about selecting genotypes tolerant to stress, but with low yield potential (FISCHER & MAURER, 1978) . HAGHPARAST et al. (2003) stated that at first place, to identify cultivars with high yield in both conditions, the best index is STI and then, to select among genotypes with the same STI amount, TOL or SSI could be used.
Based on the results obtained from Fernandez Bi-plot, these cultivars exposed to drought tolerance and they showed that these cultivars are highly tolerant to drought stress in comparison to other studied cultivars. The results of three-dimensional graph also proved high yield and tolerance to drought stress of these cultivars. In both years, these cultivars were placed in section A of the graph, that indicating high grain yield and high tolerance to stress. FERNANDEZ (1992) believs that the most appropriate index is the one that can differentiate group A from other groups. BLUM (1988) stated that genotypes of group A have high yield in both stress and non-stress conditions.
From plant breeding researchers' point of view, the best and most efficient index to recognize drought tolerant cultivars is the one that has high and significant correlation with grain yield in both irrigation and rainfed conditions. Also, FERNANDEZ (1992) proving this, remarked that indices that in both stress and non-stress conditions are highly correlated with grain yield are regarded as the best indices as such indices are capable of differentiating high yield genotypes (placed group A) in both conditions. The correlation between calculated indices and grain yield in both irrigation and rainfed conditions was measured using pearson. Accordingly, due to high and significant correlation with grain yield in both conditions and for both years, STI, MP, GMP, HAR, and MRP were recognized to be the best indices to identify the tolerant cultivars to drought stress in barley. FARSHADFAR and ELYASI (2012) showed that there was a correlation between MP, GMP, STI, YI, YSI, and SSI withgrain yield under stress and non-stress conditions. Hence, these indices are the best ones to identify premier genotypes. The results of the current study were in line with the findings of the following studies: SARDOUIE-NASAB et al. (2014) ; SIO-SE MARDEH et al. (2006) ; GOLABADI et al. (2006) . CONCLUSIONS Kavir cultivar is highly efficient and tolerant to drought. It has high grain yield stability under stress and normal conditions. Therefore, this cultivar is used to be cultivated under irrigation and rainfed conditions in regions with the same climate as of the regions where this study was conducted. Also, this favorable cultivar could be used by plant breeding researchers for breeding purposes ( produce the drought tolerant variaties with high performance) in crossing blocks. Also, we can conclude that stress tolerant indices (including STI, MP, GMP, HAR, and MRP) are efficient and suitable indices to identify cultivars tolerant to drought stress with high grain yield in barley.
